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Abstract 
Using the grey relational analysis theory, this exploratory study was to find the principal factors of Quality of Service 
of Web Sevice and its contributions. The paper utilized a real Quality of Web Service data sets:QWS Dataset (1.0) to 
grey relational analysis. The results indicate: (1) the sequence of influencing factors of Web Service selection is Best 
Practices, Compliance, Availability, Successability, Reliability, Latency, Response Time, Throughput, 
Documentation; (2) nine factors can be classified into four kinds: the first important factors are Best Practices, 
Compliance, and Availability; the second important factors are Successability, Reliability; the third important kind 
factors are Latency, Response Time; the less important factors are Throughput, Documentation; (3) the percent 
contributions of four kinds factors to the QoS of Web Service is 36.68% , 22.96% , 20.6% , 19.77%. 
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1.  Introduction  
Web Service based on Service-Oriented Architecture[1,2] is an emerging distributed computing 
technology,which is gived more and more attention by industry and academia.With the development of 
Web Service technology and the widespread application,there are abundant Web Services in the Internet[3-
5],Web Services searching merely based on the the functional requirements is unable to provide expecting 
service to the user.Quality of Service of Web Services plays the same role as functional attributes. How to 
select the same function services for the user is worth of research subject.Relevant Web service 
attributes(Quality of Service) can be found in the literature references[6-8].The paper utilized a real Quality 
of Web Service(QWS) data sets provide by EyhabAI-Masri professor,according to the grey system 
theory(GST) viewpoint and method,performanced the grey relational computation of nine factors of QWS 
data sets,and draw the grey relational degree sequence for the optimal selection of Web Service. figured 
out the contribution of the factor of QoS. Thus reveals the position and role of the factor of Web Service 
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QoS,based on the practical application of Web services selection provides new ideas and methods.It 
provides a new thinking and method for selecting Web Service Based on the QoS. 
2. Grey System  & Grey Relational Analysis 
2.1 Grey System Theory(GS) 
Grey system theory was pioneered by Deng Julong in 1982, which focuses on “the partial informations 
is known, and the partial informations is unknown”, “small sample and poor information” uncertainty 
system[9]. “the uncomplete and uncertain informations” refers to: (1) System factors are not completely 
clear; (2) Factors stoichiometric relation is not completely clear; (3) System structure is not completely 
clear; (4) System mechanism is not completely clear.   
The grey system theory argues that objective system is very complex and characterization of data 
representation is intricacy, but the system lurks intrinsic rules, and its factors have integral function. 
Differing form the probability theory and the fuzzy set theory, the grey system theory has obvious 
characteristic: (1) the small sample and uncertainty, (2) Gray hazy set, (3) information coverage, (4).Many 
Angle. 
2.2 Grey Relational Analysis(GRA) 
The grey relational analysis theory is the most mature, the most widely used, and the most dynamic 
component of grey system theory, which ,in fact, might be reckoned as a contrasting way,in wholeness, 
equipped with reference for contrasting. It provides a simple cheme to analyze the series relationships or 
the system behavior,even if the given information is few. It has quantitative analysis and sequence analysis 
characteristic, also it can make the main factors and secondary factors from the random and unorder 
sequence, can analysis and determine the degree of the influence factors against the target factors or 
contributing factor. Its essence is the quantitative comparison analysis of influence factors in the system’s 
dynamic development trend[10,11]. 
Procedure of grey relational analysis is as follows: 
(1) Collect raw data series, and determine the mother factor X0, which is evaluated as follow: 
 
determine Sub-factors Xi, which is evaluated as follow: 
 
(2) Determine the spaces of factors @GRF, which is evaluated as follow: 
 
  
(3) Determine the GR, which means the difference information space in GRA. It can be evaluated as 
follow: 
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(4) Compute grey relational coefficient , which can be predicated on GR by means of 
the neighborhood nature and normal interval nature, the algorithm on grey relational coefficient is 
evaluated as follows: 
 
 
  
 
(5) compute grey relational grade , sequence, and weight. By focusing the  
at utter points the algorithm on grey relational grade is evaluated as follow: 
 
. 
3. Grey Relational Analysis on the Factors of QoS of Web Service 
3.1 the Factors of Quality of Service of Web Service 
The study utilized a real QWS data sets:QWS Dataset (1.0)[12], which is developed by Eyhab Al-
Masri and Dr. Qusay H. Mahmoud. They have randomly collected 365 Web services from their service 
repository using Web Service Crawler Engine (WSCE), updated on November,27,2007. This dataset 
represents 365 real Web services that exist on the Web. The majority of Web services were obtained from 
public sources on the Web including Universal Description, Discovery, and Integration (UDDI) registries, 
search engines, and service portals[13-15]. The public dataset consists of 365 Web services each with a set 
of nine Quality of Web Service (QWS) attributes (We called QWS parameter factors in this paper)that they 
have measured using commercial benchmark tools. Each service was tested over a ten-minute period for 
three consecutive days.Each row in the dataset corresponds to an existing Web service implementation 
available on the public Web today.  
QWS(1.0) parameter factors include: Response Time(ab. RS, written as X1): Time taken to send a 
request and receive a response; Availability(ab. AB, written as X2): Number of successful 
invocations/total invocations; Throughput(ab. TP,written as X3): Total Number of invocations for a 
given period of time; Successability(ab. SU, written as X4): Number of response/number of request 
messages; Reliability(ab. RE, written as X5): Ratio of the number of error messages to total messages; 
Compliance(ab. CO, written as X6): The extent to which a WSDL document follows WSDL 
specification; Best Practices(ab. BP, written as X7): The extent to which a Web service follows WS-I 
Basic Profile; Latency(ab. LA, written as X8): Time taken for the server to process a given request; 
Documentation(ab. DO, written as X9): Measure of documentation (i.e. description tags) in WSDL. Partial 
raw data of QWS are show in Table 1. 
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Table 1 Partial raw data of QWS 
 
3.2 Grey Relational Analysis Procedure 
The polarities of factors in table1  are:X1,X8, Pol(min), X2,X3,X4,X5,X6,X7,X9 Pol(max). 
Pol(max) means stands for the maximum polarity,which implying that, the more large the samples size, 
more close to goal, such as Availability, Throughput, Successability,etc. Pol(min) means stands for the 
minimum polarity,which implying that, the more small the samples size, more close to goal, such as 
ResponseTime, Latency. 
In order to provide uniformly effect samples for grey relational analysis, and lay the values in the unit 
interval (0,1] we should unify the polarities of factors,we thus have algorithms on these factors shown as 
follow: 
 
 
Thus the procedure of grey relational analysis is going as follow: 
(1) determine the mother factor X0, which is evaluated as: 
 
Because all the values is in the unit interval (0,1], We set X0=(1,1,1,1,1,1,1,1,1),which means value 1 is 
the best for our QoS. The Sub-factors Xi, which is evaluated as follow: 
 
(2) Determine the spaces of factors @GRF, which is evaluated as follow: 
 
where i {0,…,9}, k {1,…,365}. 
(3) Determine the GR, which is evaluated as follow: 
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where i {1,…,9}, k {1,…,365}. 
(4) Compute grey relational coefficient , which is evaluated as follows: 
 
 
where x(min)=0.0018, x(max)=4.2691,  
. 
(5) compute grey relational grade(GRG), grey relational sequence(GRS), and weight. the algorithm on 
grey relational grade is evaluated as follow: 
 
where i {1,…,9}, k {1,…,365}. 
then, we can get the final result shown in Table 2 
Table 2 Algorithm on Factors of Quality of Service 
 
4. Result Analysis  
4.1 Grey Relational Grade & Grey Relational Sequence 
Table 2 indicates the grey relational grade (GRG) & grey relational sequence (GRS) of the study, From 
Table 2 we have r1=0.8004, r2=0.9232, r3=0.7773, r4=0.8954, r5=0.8921, r6=0.9602, r7=0.9727, 
r8=0.8035, r9=0.7624. Ranking grey relational grades is :r7 r6 r2 r4 r5 r8 r1 r3 r9. 
According to the GRG, we can classify nine factors into four kinds factors: (1) the first important factors 
are Best Practices, Compliance, and Availability(with GRG 0.9727,0.9602 and 0.9232 respectively); (2) 
the second important factors are Successability, Reliability(with GRG 0.8954 and 0.8921 respectively); (3) 
the third factors are Latency, Response Time(with GRG 0.8035 and 0.8004 respectively); (4) the fourth 
factors are Throughput, Documentation (with GRG 0.7773 and 0.7624 respectively). 
4.2 Grey Relational Weight 
Table 3 shows the grey relational weight (GRW) of the study. From the table 3, we can see the weight 
sequence (WS) is the same as the grey relational sequence.  
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Table 3 Grey Relational Weight 
 
In the four kinds of factors above, the first important factors contribute GRW is 36.68% to QoS; the 
second important factors contribute GRW is 22.96% to QoS; the third important factors contribute GRW is 
20.6% to QoS; the less import factors contributes GRW is 19.77% to QoS. 
5. Conclusion 
The study found the GRG for each factor: Response Time is 0.8004, Availability is 0.9232, Throughput 
is 0.7773, Successability is 0.8954, Reliability is 0.8921, Compliance is 0.9602, Best Practices is 0.9727, 
Latency is 0.8035 Documentation is 0.7624. The sequence of influencing factors of Web Service selection 
is Best Practices, Compliance, Availability, Successability, Reliability, Latency, Response Time, 
Throughput, Documentation. 
According to the GRG, the nine factors can be classified into four kinds: the first important factors are 
Best Practices, Compliance, and Availability; the second important factors are Successability, Reliability; 
the third important kind factors are Latency, Response Time; the less important factors are Throughput, 
Documentation. We also found that the percent contributions of four kinds factors to the QoS of Web 
Service is 36.68% , 22.96% , 20.6% , 19.77%. 
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